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SPECIFICATIONS: 

1 . TITLE OF THE PATENT: 

A Mask and a New Method of Manufacturing 

2. PATENT CLAIMS: 

L A mask and its method of manufacturing, characterized in that the mask transfers a 
specific pattern with at least partially coherent light irradiation, provided with a 
transmission area and a shaded area; in thatin one part of said transmission area, a 
transparent film is formed and a phase difference is generated in the area between the 
rays which passed through said transparent film and the rays that passed through 
transmission area where said transparent film is not fonned; and in that the mask with 
said transparent film is thus formed by weakening interfering rays of said rays in the 
boundary between said transmission area and shaded area, 

2. The mask and its method of manufacturing of claim I, wherein the mask of claim I is 
manufactured by either enlarging or reducing the pattern of s^d shaded area or 
transmission area, representing the method of manufacturing the mask creating pattern 
data of said transparent film. 

3. A mask and its method of manufacturing, characterized by a specific pattern being 
transferred by irradiation with a light that is at least partially coherent, which is provided 
with a shaded area and with a transmission area, wherein a phase shift channel is created 
. at least in one part of said transmission area, and a phase difference is generated in the 

area between the rays that were transmitted through said shift channel and the rays that 
were transmitted through the transmission area where said phase shift channel is not 
created; the mask then being created with said phase shift channel so as to weaken said 
interfering rays in the area of the boundary between said transmission area and shaded 
area. 

4. The mask and its method of manufacturing of claim 3, wherein the method of 
manufacturing of the mask and creating the pattern data of said phase shift channel uses a 
logical calculation of the pattern data of said shaded area or said transmission area, and 
the pattern data that is obtained by enlarging or reducing said shaded area and said 
transmission area. 

5. The mask and its method of manufacturing of claim 3, wherein the mask and its method 
of manufacturing is characteriLzed by using focusing ion beams to create said phase shift 
channel. 

6. A mask and its method of manufacturing, characterized in that the mask is provided with 
a substrate containing a shaded area and a transmission area; in that a specific pattern is 
transfened with irradiation with at least partially coherent light, wherein a channel is 
created on the main surface of said mask substrate in one part of said shaded area, while 
at the same time a phase difference is generated in the area between the rays that were 
transmitted through said channel and the rays that were transmitted through said 
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transmission area; and in ihai in addiiion, a transparent film is created in the upper part of 
said film so as to weaken interfering rays of said rays at the end of said shaded area. 

7. The mask and its method of manufacturing of claim 6, wherein instead of the means that 
is used to create transparent film in the upper part of the channel, the mask has a phase 
shift channel on said mask substrate in the lower part of said channel. 

8. The mask and its method of manufacturing of claim 7, wherein the relationship between 
the depth (d) of the phase shift channel, and the refraction ratio (n) of the material that is 
created by said phase shift phase channel, forming wavelength X of the irradiating tays, 
and the depth (d) of the phase shift' channel, should correspond to: 

d = X/[2(n-i)]. 

3 . DETAILED DESCRIPTION OF THE INVENTIONS 
Field of Industrial Application 

This invention relates to a mask that is used in photolitography, and to its method of 
production. In particular, it relates to a technique that is suitable for masks that are used when 
manufacturing semiconductors. 

Prior Art 

In recent years, the circuits of integrated circuits in semiconductors have been characterized by 
miniaturization of elements and of wiring that form these circuits, as well as by increasingly 
narrower spacing between the elements and between the wirings. 

However, the problem caused by this miniaturization of elements, wiring and narrow spacing 
between these elements, is the deterioration of the transfer density of the pattern of the mask, 
transferred to a pattern of integrated circuits on a wafer by illuminating it with at least partially 
coherent light 

As shown in Figure 18 (a) - (b), this problem can be explained as follows. 

Specifically, when transferring a pattern, (not shown in the figure), of a specific pattern of 
integrated circuits to a mask (^0) with projection exposure or a similar method, as shown in 
Figure 18(a), the phase of the light, transmitted through a pair of transmission areas P, and Pj, 
inserted in the shaded area (N), is the same as the phase shown in Figure 18(b), which is why 
the interfering rays, shown in Figure 18(c), are in the end intensified in the shaded area (N), 
inserted between the pair of transmission areas Pi and Pj. 

That is why the modulation of the distribution of the light intensity will in the end deteriorate, 
as shown in Figure 18(d), and the final density of the pattern of the mask will be greatly 
reduced. ... 

One means that has been proposed to alleviate this problem is for example a phase changing 
mask, creating a phase difference between the transmitted rays in respective two areas of 
transmission. 
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As far as phase changing masks arc concerned, ihe technique was explained for instance in 
Japanese Patent Application number 62-595296. According to the explanation of this patent 
application, the mask is provided with a shaded area and a transmission area, so that 
transparent material is provided at least on one side of a pair of transmission areas, between 
which are inserted shaded areas. During exposure, a phase is generated in the area between the 
rays that are transmitted in each area of transmission, and the mask is created so that these rays 
would not intensify the interference by these rays in the area that is substantially shaded on the 
surface of the wafer. ^-i 

The operation of the transmission of light in a similar mask, shown in Figure 9(a) - b), can be 
explained as follows: 

Spedfically, when transferring a specific pattern of integrated circuits, (not shown in the 
figure), using projection exposure or a similar method, as shown in Figure 19(a), the 
difference between the phase of the rays that were transmitted through the transmission area Pj, 
with transparent material (52), created between a pair of transmission areas Pi and Pj, with an 
inserted shaded area (N), and the phase of the rays transmitted through the usual area of 
transmission Pi is 180', as shown in Figure 19(b) and (c). 

Consequently, the interference to rays that were transmitted through the pair of areas of 
transmission Pi and P2 is negated in the area of transmission (N), inserted between 
transmission areas Pi and Pj, as shown in Figure 19(d), and since this improves the 
modulation of the distribution of the ligjit intensity on the wafer, the pattern transfer density of 
the mask (51) is excellent- 
Problems To Be Solved by This Invention 

Incidently, in case of prior art techniques of generating a phase difference between rays 
transmitted through a pair of transmission areas, when the pattern consists of one dimensional 
simple repeating arrangements, there is no problem with the arrangement of the transparent 
material. However, when the real pattern of integrated circuits is in the form of bi-dimensional 
arrangements, the following problems were noticed by the authors of this invention. 

Specifically, according to prior art techniques, in order to generate the phase difference in the 
area between rays that were transmitted through each of the pair of the transmission areas, the 
transparent material can be arranged for instance so that when the transparent material is 
arranged on one side of the pair of the transmission areas, it is not possible to arrange 
transparent material on the other side, so that when forms of multiple patterns, such as those of 
real integrated circuits, are created, the resulting pattern lacks satisfactory resolution. To give 
an example, as shown in Figure 20, when the integrated pattern (53) is created by transparent 
material with a transmission area P2, the resolution of the shaded areas Ni and Nj will be 
improved, but since it is impossible to mount transparent material in the transmission areas Pi 
and P3, improvement of the resolution of the shaded area Nj can not be expected. 

Therefore, to arrange transparent material on the substrate of the mask, creating the pattern of 
multiple integrated circuits, one has to keep in mind restrictions regarding arrangement of the 
transparent material, noted above, which means that necessary planning of specific design 
patterns of transparent materials and designing of these patterns is extremely complicated. 



Consequently, the result of all this, is that manufacturing of a mask with transparent material 
mounted on it, is very time consuming. 

In view of the problems noted above, the intent of this invention is to present a technique 
permitting the improvement of the overall transfer precision of fine and complex patterns 
forming a mask. 

Another purpose of this invention is to offer a technique providing a simple means of phase 
shifting even when fine patterns are used. 

Still another purpose of tlus invention is provide a technique permitting to shorten the time 
required to manufacture a mask provided with the means to achieve a phase shift. 

Above noted and other purposes of this invention, as well as its innovative characteristics, will 
become clear from an e)q}Ianation of its specifications, which is based on the enclosed figures. 

Means to Solve the Problems 

The following is a simple explanation of the gist of a representative model of this invention. 

Specifically, as defined in claim I, this invention concerns a mask that transfers a specific 
pattern with at least partially coherent light irradiation, provided with a transmission area and a 
shaded area. In one part of said transmission area, a transparent film is formed and a phase 
difference is generated in the area between the rays which passed through said transparent film 
and the rays that passed through transmission area, where said transparent film is not formed. 
The mask with said transparent film is thus formed by weakening interfering rays of said rays 
in the boundary between said transmission area and shaded area. 

As defined in claim 2 of this invention, the mask of claim 1 is manufactured by either enlarging 
or reducing the pattern of said shaded area or transmission area, which represents the method 
of manufacturing the mask creating pattern data of said transparent film. . 

As defined in claim 3 of this invention, it represents a mask transferring a specific pattern by 
irradiation with a light that is at least partially coherent, provided with a shaded area and with a 
transmission area. A phase shift channel is created at least in one part of said transmission area, 
and a phase difference is generated in the area between the rays that were transmitted through 
said shift channel and the rays that were transmitted through the transmission area where said 
phase shift channel is not created. The mask is then created with said phase shift channel so as 
to weaken said interfering rays in the area of the boundary between said transmission area and 
shaded area. 

As defined in claim 4, defining the mask and the method of its manufacturing according to this 
invention, when said mask is manufactured according to claim 3, the method of manufacturing 
of the mask and creating the pattern data of said phase shift channel uses a logical calculation of 
the pattern data of said shaded area or said transmission area, and the pattern data that is 
obtained by enlarging or reducing said shaded area and said transmission area. 

As defined in claim 5, the mask and its method of manufacturing explained in claim 3 is 
characterized by using focusing ton beams to create said phase shift channel. 
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As defined in claim G, the mask is provided witii a mask substrate containing a shaded area and 
a transmission area, and it transfers a specific pattern with irradiation with at least partially 
coherent light. A channel is created on the main surface of said mask substrate in one part of 
said shaded area, while at the same time a phase difference is generated in the area between the 
rays that were transmitted through said channel and the rays that were transmitted through said 
transmission area. In addition, a transparent film is created in the upper part of said film so as 
to weaken interfering rays of said rays at the end of said shaded area. 

As defined in claim 7, instead of the means that is used to create transparent film in the upper 
part of the channel according to the explanation of claim 6, the mask has a phase shift channel 
on said mask substrate in the lower part of said channel. 

As defined in claim 8, the relationship between the depth (d) of the phase shift channel, and the 
refractive index (n) of the material that is created by said phase shift phase channel, forming 
wavelength X of the irradiating rays, and the depth (d) of the phase shift channel, should 
correspond to: 

d = X/[2(n-l) ]. 

Operation 

According to the means described above in claims 1, 3, 6, and 7, the rays that are transmitted 
during the exposure through the transparent film in one of the transmission areas, or through 
the phase shift channel, and the rays that are transmitted through the part in which no such 
formations are created, are used to weaken the interference at the end of the shaded area and in 
the boundary between the shaded area and the transmission area. This is why the precision of 
the transfer of the pattern on the mask is improved. In other words, when a phase difference is 
generated in the rays that were transmitted Ln several areas of transmission, the precision of the 
transfer of the pattern is improved, which is why it is possible to create a transparent film, 
corresponding to this complex pattern, or a phase shift channel, even when a complex pattern 
is created on the mask. That is why it is possible to improve the overall transfer resolution of 
this pattern, even if the pattern on the mask is a complex one. 

In addition, the arrangement of the transparent film or of the phase shift chaimel is simple. 

As defined in claim 2 and claim 4 of this invention, it is not particulariy necessary to create 
transparent film or phase shift channel pattern data. Therefore, it is possible to reduce 
considerably the manufacturing lime for production of a mask that is provided with a phase 
shifting transparent film or with a phase shift channel. 

As defined in claim 5 of this invention, it is also possible to form the phase shift channel in a 
short period of time. 

As defined in claim 8 of this invention, it is further also possible to generate a phase difference 
of 180* in the area between the rays transmitted through the usual area of transmission and the 
rays transmitted through the position shift channel in one of the areas of transmission. 
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Application Example 1 

Figure I is a cross-sectional view of the main part of the mask of an application example of this 
invention; Figures 2(a) through (c) are cross-sectional views of the main part of the mask, 
showing the process of manufacturing the mask; Figure 3(a) is a cross-sectional view showing 
the exposed state of the mask shown in Figure I, and Figures 3(b) through (d) are explanatory 
diagrams showing the intensity and the amplitude of the rays transmitted through the 
transmission areas of the mask. 

The mask (la), shown in Figure 1, which can be made for instance by a manufacturing process 
for production of specific semiconductors, is a reticle, fonmed from an original plan of a pattern 
of integrated circuits with a magnification ratio of the real size of the pattern of integrated 
circuits of five times, (hereinafter referred to as a five-times reticle), for transferring a specific 
pattern of integrated circuits to the surface of a wafer, not shown in the figure. 

As far as the configuration of the mask (la) is concerned, number (2) is a transparent mask 
substrate, made for instance from s ynthetic fuscd^ uartz with a refract ive index of 1.47, whose 
main surface can be covered for instance with a specific form of a pattern of a metallic layer 
(3), which can be for instance 500 - 3000A thick. 

The metallic layer (3) can be made for instance from a layer of Cr, or it can be a lamination 
layer consisting of a layer of Cr with a layer of Cr oxide on top of it, fonning the shaded area 

(A) during exposure. In addition, the part from which the metallic layer (3) has been removed 
forms during exposure the transmission area (B). Thus the original plan of the pattern of 
integrated circuits consists of the shaded areas (A) and transmission areas (B). 

The application example 1 is arranged in such a way that the transparent film (4a) forms a 
pattern whose width is slightly wider than the width of the pattern of said metallic layer (3). In 
other words, in the mask (la), the transmission film (4a) forms the pattern with a part of the 
transmission area (B), protmding from each of the metallic layers (3). To put it in another way, 
one transparent area (B) consists of a part that is covered by the transparent film (4a), and of a 
part that is not formed by the transparent film (4a). 

The transparent film (4a) can contain indium oxide (InOx) or similar elements. For example, if 
the pattern width of the transmission area is 2 pm, thewidths of the protruding transparent film 
(4a) will be approximately 0.5 jjm. 

In addition, if the thickness of the main surface of the substrate of the transparent film (4a) is 
Xi, the refractive index of the substrate (2) is (n), and the wavelength of the rays irradiating 
during exposure is X, the pattern is formed so as to achieve the following relationship between 
the transparent film (4a) and its thickness Xii 

X, = X/[2 (n-l)l. 

This is because when mask (la) is irradiated during exposure, a phase difference of 180' is 
generated between the phase of those rays that were transmitted through one transmission area 

(B) as rays transmitted through the transparent film (4a), and the phase of the rays that are 
usually transmitted through the transmission area (B). For example, when the wavelength X of 
the rays irradiating during exposure is 0.365 \im (i-line), and the refractive index of the 
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transparent film (4a) is 1.5. the thickness Xi of the main surface of the substrate (2) of the 
transparent film Xican be approximately 0.37 jim. 

Furthermore, although it is not shown in the figure, when the mask ( la) is formed for instance 
with a transparent film (4a), a position alignment mark is created for alignment of the position 
of the metallic layer (3) when forming the transparent film (4a). 

The following is an explanation of a method of manufacturing the mask (la) according to this 
application example of this invention, which is based on Figures 2 (a) through (c). 

First of all, as shown in Figure 2(a), a metallic layer (3), which can be for instance 500 to 
3,000 A thick, is formed with the help of sputtering or a similar method on the main surface of 
a polished and washed transparent substrate (2). Next, the surface of this metallic layer (3) is 
coated with photoresist, which can be for instance 0.4 to 0.8 jim thick. 

Then, after pre-backing the photoresist (5a), first of all an electronic beam (E) is used to 
irradiate a specific part of the photoresist (5a) by using the electronic beam exposure method, 
or a similar method which is based on pattern data collected from the form and position 
coordinates of the pattern of integrated circuits of the semiconductor, according to coding that 
can be recorded for instance on a magnetic tape, not shown in the figure. 

Next, as shown in Figure 2 (b), the exposed part of the photoresist (5a) is removed with a 
specific developing liquid, and the exposed metallic layer (3) is etched by using dry etching or 
a similar method to create a specific form of the pattern. 

After that, the photoresist (5a), is removed with a resist peeling liquid, the substrate (2) is 
washed, and after inspection, as shown in Figure 2(c), a transparent fihn (4a), made of indium 
oxide (InOx), or a similar material, which is about 0.37 jim thick, measured from the main 
surface of the substrate (2), is formed on the main surface of the substrate (2) so as to cover the 
metallic layer (3) by sputtering or a similar method. 

The main surface of the transparent fihn (4a) is then covered with a photoresist (5b), which can 
be for instance 0.8 jjm thick, and on top of that is created an antistatic layer (6), made of 
aluminum (AI), whose thickness can be for instance 0.5 jiim, by sputtering or a similar method. 

As far as the pattern data relating to said pattern of integrated circuits is concerned, it is based 
on the pattern data frorh the transparent film (4a), obtained by enlargement or reduction of the 
width of the pattern of the shaded area (A) or of the transmission area (B), and the exposure is 
made by irradiating with electron beams (E) the remaining part of the photoresist (5b) on the 
transparent film (4a), with the electron beam method or a similar method. 

The pattern data of said transparent film (4a) in die application example I of this invention can 
be created automatically for instance by expanding the width of the pattern of the shaded area 
(A). In other words, since the pattern data of the transparent fihn (4a) is created simultaneously 
with the pattern data of the integrated circuits and not as special pattern data, it can be created 
on the basis of the pattern data of the pattern of integrated circuits. 

After the exposure of the photoresist (5b), the film is developed, a specific part of the 
transparent film (4a) is etched, the photoresist (5b) is removed, and after another washing, 
inspection, and similar steps, the mask (la), shown in Figure I, is manufactured. 
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When using ihe mask ( la) which was manufactured as explained above, transfer of a pattern of 
iategrated circuits of the mask (La) to a wafer, coated with photoresist, can be done for instance 
according to the following procedure: 

Specifically, the mask (la) and the wafer is ananged in a reduction projection exposure device, 
not shown in the figure, the original plan of the pattern of integrated circuits on the mask (la) is 
optically reduced with a ratio of 1/5, projected to the wafer, and projected to and exposed on 
the wafer in repeated and sequential steps so as to transfer the pattern of integrated circuits to 
the entire surface of the wafer. 

The following is an explanation of the operation of the application example I of this Invention, 
based on Figures 3(a) through (d). 

As shown in Figure 3(a), which represents the mask (la) of the application example 1 of this 
invention, the original plan of a specific pattern of integrated circuits on the mask ( la) is 
transferred to the wafer by using the reduction exposure method or a similar method. During 
this transfer, a position change of 180' is generated between the rays that were transmitted 
through the usual transmission area (B) and the rays that were transmitted through the 
transparent fihn (4a), in respective transmission areas (B) of the mask ( 1) (see Figure 3(b) and 
(c). 

Since the transparent film (4a) is arranged at edges of each of the metallic layers (3), the rays 
that were transmitted through the usual area of transmission, and the rays that were transmitted 
through the transparent film (4a) among the rays transmitted through one area of transmission 
(B), will be in the end weakened in the boundary of the transmission area (B) and vicinity of 
the transmission area (B). 

Consequently, the modulation of the distribution of the light intensity on the wafer is greatly 
improved (see Figure 3(d)). In particular, since the distortion at the edges of respective shaded 
areas of the projection on the wafer is greatly reduced, it is possible to improve considerably 
the resolution of the transfer of the pattern. 

And since the light intensity is double the amplitude of the light, the wavefomi on the negative 
side of the amplitude of the light on the wafer will be reversed on the positive side as shown in 
Figure 3(d). 

Incidently, according to prior art methods, there were already some techniques generating a 
phase change in the area between rays that were transmitted through a pair of transmission 
areas, or, to put it in another way^ techniques generating this operation in one of the two areas 
of transmission. 

But, as was explained above during an explanation of the tasks that this invention is about to 
achieve, when using a complex pattern, such as a pattern of a real integrated circuit, together 
with a two-dimensional arrangement, the precision of the transfer will be partially reduced, 
which represented a restriction imposed on the transparent material. 

In other words, it was extremely difficult to achieve an arrangement of the transparent material 
that would result in increasing the predsion of the transfer of the overall pattern to the mask. 

Consequently, since it was not possible to create automatically the pattern data of the 
transparent material, when such data was created, the arrangement had to be done in such a 
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way so as lo lake into account that the resolution of the pattern transfer will be partially 
decreased, which required computer processing of this pattern data, as well as special pattern 
design of the transparent material, and special drawing procedures. 

In contrast to that, according to the niask(Ia) of the application example I of this invention, a 
phase change is generated between the rays that were transmitted through one of the 
transmission areas, and since this technique increases the resolution of the transfer of the 
pattern, a corresponding arrangement of the transparent film (4a) is possible even when the 
pattern, created on mask (la), is a complex one. 

This is why the arrangement of the transparent film (4a) is simple, and why automatic 
processing is also possible on the basis of the pattern data of the shaded area (A), or of the 
transmission area (B), forming the integrated circuit pattern with the pattern data of the 

transparent film (4a). 

When the application example is implemented as explained above, the following effects can be 

achieved: 

(1) In respective areas (B) of the mask (la), a phase change of 180' is generated between the 
rays transmitted through the transparent film (4a), and the rays transmitted through the 
usual area of transmission (B). Since these rays are weakened in the boundary between 
the shaded area (A) and the transmission area (B), the modulation of the light intensity 
distribution on the wafer is greatly improved. In particular, it is possible lo reduce 
considerably distortion at the border of the pattern image in the shaded area (A), 
projected on the wafer, and thus it is possible to greatly improve the resolution of the 
transfer of the pattern. 

(2) As was explained above under (1), there is no partial deterioration of the precision of the 
pattern transfer, even when the pattern created on the mask is a fine and complex pattern 
of integrated circuits, and thus it is possible to greatly improve the transfer precision of 
the overall pattern. 

(3) Since causing a phase shift in the transparent film (4a) requires only a phase shift of the 
rays transmitted through one area of transmission (B), arrangement of the pattern is 
simple even if it is a complex pattern of integrated circuits. 

(4) As was explained above under (3), automatic formation of the pattern data of the 
transparent film (4a) is possible on the basis of the pattern data from the transmission 
area (B), and from the shaded area (A), fonning the pattern of integrated circuits. 

(5) As was explained above under (3) and (4), since it is possible to shorten the time 
required to create the pattern data of the transparent film (4a), it is also possible to 
shorten considerably die time required to manufacture mask (la), widi the formation of 
the transparent film (4a), together with the position shift 
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AppIicatioD Example 2 

Figure 4 is a partial cross-sectional diagram of the main part of another application example of 
this invention; Figure 5 (a) and (b) are cross-sectional diagrams of the main part of the mask, 
explaining the manufacturing process of the mask; Figure 6 is a block diagram explaining the 
focusing beam device used to manufacture the mask; Figure 7 a) is a cross-sectional diagram 
showing the exposed state of the mask; and Figure 7(b) through (d) show the amplitude and 
the intensity of the rays transmitted through the areas of transmission of this mask. 
In the mask (lb) of the second application example of this invention, shown in Figure 4(b), a 
different means is used to generate a phase shift in the rays transmitted through the 
transmission area (B) during the exposure than the one used in application example 1. Instead 
of using the transparent film of s^plication example 1, a shift chamiel (7a) is created on the 
substrate (2), forming the transmission area (B) during the exposure. 

The position shift channel (7a) is formed during the ejqjosure along the edge of the metallic 
layer (3) of the shaded area (A). In other words, it is formed along the profile of the metallic 
layer (3). To give an example, when the width of the pattern of the transmission area (B) is for 
instance 2 [xm, the width of the position shift channel (7a) will be approximately 0.5 ^im. 

When, for convenience's sake, it is assumed that the depth of the position shift channel (7a) is 
(d), the refractive index of the substrate (2) is n, and the wavelength of the rays irradiating 
during exposure is X, then the depth of the position shift channel (7) should correspond to the 
following relationship: 

d = X/((n-l)] 

This is because during the exposure, a position change of 180* will be generated between the 
rays transmitted through the usual transmission area (B), and the position of the rays 
transmitted through the position shift channel (7a), in respective transmission areas (B) of the 
rays irradiating the mask (lb). For instance, when the wavelength X of the rays irradiating 
during the exposure is 0.365 iim (i line), the depth (d) of the position shift channel (7a) can be 
approximately 039 um. 

In addition, although it is not shown in the figure, when the position shift channel (7a) is 
formed, a position alignment mark is created for alignment of the position of the metallic layer 
(3) on the mask (lb). 

The following is an explanation of the focusing beam device used to manufacture the mask 
(lb), based on Figure 6. 

Although it is not shown in the figure, the inner part of the ion source (9), mounted on the 
upper part of the main unit of the device, contains Gallium (Ga) or a similar molten liquid 
metal. In the lower part of the ion source (9), is mounted a drawing electrode (10), and in its 
upper part is mounted the first lens electrode (1 la), provided with an electrostatic lens, and the 
first aperture electrode ( I2a). In the upper part of the aperture electrode (12a) is mounted the 
second lens electrode (1 lb), the second aperture electrode (I2b), and the blanking electrode 
(13), controlling the ON and OFF action of the beam irradiation, as well as the third aperture 
electrode (12c), and a deflecting electrode (14). 
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In this configuration of respective electrodes, the ion beams, emitted from the ion source (9), 
are controlled by said blanking electrode (13) and deflecting electrode (14), and they are 
retained by the retainer (15) before creating the pattern by inadiating the mask (lb). 
In addition, during scanning of the ion beams, the period of beam irradiation can be set for 
instance to 0.02 x 0.02 pm per each pixel, and it is possible to conduct the etching process of 
the metallic layer (3) and of the substrate (2) by setting in advance the frequency of scanning. 

The retainer (15) is mounted on the top of a material platform (16), which is capable of 
movements in directions X and Y. This material platform ( 16) is able detennine the position of 
lasera gage interferometer (17) ina laser mirror(17), mounted in the vicinity of the platforai. 
Tliis positiion can be adjusted with a driving motor (19), driving the material platform. 

Furthermore, in the upper part of the retainer (15) is mounted a detector of secondary ions and 
secondary electrons (20), so as to detect generation of secondary ions and secondary electrons 
from the work piece. Finally, an electron shower emitter (21) is mounted in the upper part of 
said detector of secondary ions and secondary electrons (20) in order to prevent electrostatic 
charging of the work piece. 

As shown in the figure, the configuration of the inner part of the processing system described 
above supports a vacuum state mth a vacuum pump (22), shown in the lower part of said 
material platform (16), 

Finally, said processing system is controlled by operations of respective controllers (23) 
through (27), mounted on the external part of the main unit of the device. Each controller (23) 
through (27), and each interface (28) through (32) is controlled by a controlling computer (33). 
This controlling computer (33) is provided with a terminal (34), a magnetic disk (35), storing 
the data, and an MT [magnetic tape] deck (36). 

The following is an explanation of the manufacturing method used to produce mask (lb), 
based on Figures 5 (a), and (b), and Figure (6). 

First of all, as shown in Rgure 5 (a), a metallic layer (3), is placed on top of the main surface 
of a polished and washed substrate (2). After the metallic layer (3), which can be for instance 
500 to 3,000 A thick, is formed with the help of the sputtering method or a similar method, the 
mask (lb) is preserved in the retainer (15) of a focusing ion beam device (8). 

Next, the ion beam is emitted from the ion source (9), and when this ion beam is focused by 
said electrodes, to create for instance a beam diameter of 0.5 pm, it is possible to obtain a 
current of ion beams of approrimately 1.5 fiA. This focused ion beam is then irradiating 
specific parts of the metallic layer (3) according to previously prepared pattern data of 
integrated circuit patterns, recorded on the magnetic tape of the MT deck (36), to carry out 
etching of the metallic layer (3). In this case, the time of inadiaiion per pixel can be for instance 
3 X 10-6 seconds, and the frequency of scanning can be approximately 30 times. By doing so, 
it is possible to create a pattern on the metallic layer (3), such as the one shown in Figure 5 (b). 
It is also possible to use the electron beam exposure method, such as the one used in the 
application example 1, or a similar method. 

After that, the aligning mark, not shown in the figure, created on the mask (lb), is irradiated 
with a specific amount of ion beams; secondary electrons, generated in this manner, are 
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delected by (he detector of secondary ions and secondary electrons (20); and the coordinates of 
tlie position of the aligning mark are calculated according to die detection data. 

Based on the coordinates of the position of the aligning mark, calculated in this manner, the 
material platfomi is then moved to permit the ion beams, generated during ion beam irradiation, 
to irradiate the position formed by the phase shift channel (7a). 

Next, based on the pattern data of the position shift channel (7a), ion beams will irradiate the 
substrate (2), exposed by the formed pattern of the metallic layer (3) along the edges of the 
metallic layer (3), and the phase shift channel (7a) is formed Since focusing ion beams are 
used in this case, it is easy to control the depth of the position shift channel (7a), its width, and 
other paiametecs. 

In the application example 2 of this invention, the pattern data of said position shift channel 
(7a) can be automatically created for instance from the logical (AND) product of the pattem data 
from the transmission area (B), obtained by reversing the positive value of the pattern data 
from thQ pattem of integrated circuits, and of the pattem data obtained by broadening the 
pattem width of the shaded area (A). 

In other words, there is no particular need to create the pattem data of the position shift channel 
(7a), since it can be created automatically on the basis of the pattem data of the pattem of 
integrated circuits. 

When using the mask (lb), formed in this manner, the transfer of the pattem of integrated 
circuits to the mask (lb) on the wafer, coated with the photoresist, can be done for instance 
according to the following method. 

Specifically, mask (lb) and the wafer are arranged in the reduction projection exposure device, 
not shown in the picture, the pattem of integrated circuits on the mask (lb) is optically reduced 
to 1/5 of its size and projected on the wafer. At the same time, the pattem of integrated circuits 
is transferred to the entire surface of the wafer by projection exposure in repeated sequential 
steps involving movements of the wafer. 

The following is an explanation of the creation of the mask (lb) in the second application 
example of this invention, based on Figures 7 (a) through (d). 

As shown in Figure 7 (a), when transferring the original plan of a specific pattem of integrated 
circuits to the mask (lb) during the process of exposure, a phase difference of 180' is 
generated between the rays transmitted through the usual area of transfer (B), and the rays 
transmitted through the position shift channel (7a) in each transmission area (B) of the mask 
(lb), (see Figure 7) (b) and (c). 

Because of the arrangement of the edges of the metallic layer (3), the position shift (7a) is 
characterized by the fact that among the rays transmitted through one transmission area (B) are 
rays transmitted through the usual transmission area (B), and that the rays transmitted through 
the position shift channel (7a) are weakened in the boundary of the shaded area A and the 
shaded area (A), adjacent to the transmission area (B). 

Consequently, modulation of the light intensity distribution on the wafer is greatly improved. 
In partioilar, it is possible to reduce considerably distortion at the border of the pattem image in 
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the shaded area (A), projected on the wafer, and thus it is also possible to greatly improve the 
resolution of the transfer of the pattern. 

And since the light intensity is double the amplitude of the light, the waveform on the negative 
side of the amplitude of the light on the wafer, will be reversed on the positive side as shown in 
Figure 7 (d)- 

In addition, just like in the application example I, also the mask (lb) of the application example 
2 requires only a phase shift of the rays transmitted through one area of transmission (B) to 
cause a phase shift in the rays. Arrangement of the pattern of the phase shift (7a) is therefore 
simple even if it is a complex pattern of integrated circuits on the mask ( lb), which enables 
automatic operations on the basis of the pattern data from the transmission area (B) and from 
the shaded area, creating the pattern of int^ted drcuits with the pattern data of the phase shift 
channel (7a). 

However, since manufacturing of the mask (lb) of the application example 2 does not include 
the process of creating the transparent film (4a), causing the phase shift, as explained in 
application example 1 , and the phase shift channel is created at the same time when the metallic 
layer (3) is subjected to patterning with focused ion beams, a significant reduction of the 
manufacturing time is possible. 

When the application example 2 is implemented as explained above, the following effects can 
be adiieved: 

(1) In respective areas (B) of the mask (lb), a phase change of 180* is generated between the 
rays transmitted through the position shift channel (7a), and the rays transmitted through 
the usual area of transmission (B)- Since these rays are weakened in the boundary 
between the shaded area (A) and the transmission area (B), modulation of the light 
intensity distribution on the wafer is greatly improved. In particular, it is possible to 
reduce considerably distortion at the border of the pattern image in the shaded area (A), 
projected on the wafer, and thus it is possible to greatly improve the resolution of the 
transfer of the pattern. 

(2) As was explained above under (1), there is no partial deterioration of the precision of the 
pattern transfer, even when the pattern created on the mask is a fine and complex pattern 
of integrated circuits, and thus it is possible to greatly improve the transfer precision of 
(he overall pattern. 

(3) Since causing a phase shift in the phase shift channel (7a) requires only a phase shift of 
the rays transmitted through one area of transmission (B), arrangement of the pattern is 
simple even if it is a complex pattern of integrated circuits. 

(4) As was explained above under (3), automatic formation of the pattern is possible on the 
basis of the pattern data from the transmission area (B), and from the shaded area (A), 
forming the pattern of integrated circuits of the phase shift channel (7a). Creation of the 
pattern data is thus simple, and it is possible to manufacture the mask (lb) in a short 
period of time. 

(5) When manufacturing the mask (lb), there is no need to create the transparent film (4a) to 
cause the phase shift, as explained in application example 1. In addition, since the 
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position shift channel (7a) will be also fonmed during patterning of the metallic layer (3) 
with focusing ion beams, it is possible to shorten the time required to manufacture the 
mask. 

(6) It is possible to increase considerably the life span of the mask (lb) since there is no 
deterioration of the transparent film (4a), caused by washing and similar processes after 
the formation of the pattern. 

Application Example 3 

Figure 8 is a cross-sectional diagram showing the main part of the mask of still another 
application example of this invention; Figure 9 is a surface view of the main part of this mask; 
Figure 10 (a) is a cross-sectional view of the exposed state of the mask shown in Figure 8 and 
in Figure 9; and Figures 10 (b) through (d) are explanatory diagrams showing the amplitude 
and intensity of the light transmitted through the transmission areas of this mask. 

First of all, both Figures 8 and 9 explain the mask (Ic) of the application example 3 of tlus 
invention; while Figure 9 explains also the rectangular form of the transmission area (B) of the 
application example 3* 

The mask ( Ic) of the application example 3 can be made for instance as a five-times reticle, by 
transferring a specific pattern of integrated circuit to a wafer, not shown in the figure, during a 
specific manufacturing process of a semiconductor, so that multiple channels (37), reaching 
from the top surface of the metallic layer to the main surface of the substrate (2), are created in 
the metallic layer(3), forming the shaded area (A). As shown in Figure 9, these channels 
(37) are created next to the rectangular area (B), so as to be surrounded by rectangular areas 
(B), and they are arranged parallel along the edges of the transmission area (B). As far as die 
width of the channels (37) is concerned, they can be for instance 0.5 pm wide. 

In addition, a transparent film {4b) with a refractive index of 1.5, made for instance from 
indium oxide (InOx), is formed on the upper part of the channel (37). During exposure, a 
phase change is generated between the rays transmitted through the transmission area (B) and 
the rays transmitted through the chaimel (37) and through this transparent film (37). 

The thickness of the transparent film (4b) from the main surface of the substrate X2 can be 
identical to the thickness of the film in application example 1, and to generate a phase change of 
ISO" between the phase of the rays transmitted through the transmission area B and the phase 
of the rays transmitted through the channel (37) and the transparent film (4b) during exposure, 
when the mask (Ic) is irradiated with these rays, the relationship X2 = X/ [2 (n - 1) 1 should be 
maintained. 

For example, when the wavelength X of rays irradiating during exposure is 0.365 ixm (i-line), 
the thickness X2, measured from the main surface of the substrate (2) of the transparent film 
(4b) can be approximately 0.37 jjim. . 

In addition, although it is not shown in the figure, a position alignment mark is created for 
alignment of their positions on the metallic layer (3) when the channel (37) and transparent film 
(4b) are formed. 
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When manufacturing the mask (Id), it is possible to use for instance the following procedure: 

First of all, a metallic layer (3) is placed on top of the main surface of a polished and washed 
substrate (2). After the metallic layer (3), which can be for instance 500 to 3,000 A thick, is 
formed with the help of sputtering or a similar method, the mask is preserved in the retainer 
(15) of a focusing ion beam device (8) in the same way as in application example 2. 

Next, based on the pattern data of integrated circuits recorded in advance on a magnetic tape of 
an MT deck (36), the pattern is created with ion beams on the metallic layer (3), covering the 
main surface of the substrate (2). 

After that, based on the pattern data of the channel (37), recorded in advance on the magnetic 
tape of the same MT deck, ion beams will irradiate the metallic layer on the mmn surface of the 
substrate (2), and the channel (37) is formed in the metallic layer (3). The pattern data of this 
channel (37) can be created automatically, for instance by setting specific rules for the 
arrangement of the channel (37) against the rectangular transmission area (B). 

Finally, the transparent film (4b) is formed in the same way as in application example I, based 
on the pattem data of the transparent film (4b), created on the bases of the pattern data of the 
channel (37), and on the basis of the pattem data of the pattem of integrated circuits. 

The following is an explanation of the operation of the application example 3, based on Figures 
10 (a) through (d). 

Rgure 10 (a), shows the transfer of an original plan of a specific pattem of integrated circuits 
on the mask (Ic) of a wafer by using the reduction exposure method or a similar method; 
Figures 10 (b) and (c) show the generation of a phase difference of 180' in each transmission 
area (B) of the mask (Ic) between the rays transmitted through the transmission area (B), and 
the rays transmitted through the channel (37) and the transparent film (4b). 

Among the rays transmitted through one transmission area (B), rays transmitted through the 
transparent fihn (4b) and through the usual transmission area (B), and the rays transmitted 
through (he position shift chaimel (37) are weakened in the boundary of the transmission area 
(A) and the shaded area (A), adjacent to the transmission area (B). 

Consequently, modulation of the distribution of light intensity on the wafer is greatly 
improved, it is possible to reduce considerably distortion at the border of the pattem image in 
the shaded area (A), projected on the wafer, and thus it is possible to greatly improve the 
resolution of the transfer of the pattem. 

And since the light intensity is double the amplitude of the light, the waveform on the negative 
side of the ampHtude of the light on the wafer, will be reversed on the positive side as shown in 
Figure 10 (d). 

In addition, also in the application example 3, the mask (Ic) requires only a phase shift of the 
rays transmitted through one area of transmission (B) to cause a phase shift in the rays. 
Arrangement of the pattem of the channel (37) and of the transparent film (4b) is therefore 
simple, and this enables automatic operations on the basis of the pattern data from the 
transmission area (B) and of the rectangular shape of the pattem of integrated circuits with the 
pattern of the channel (37) and the transparent fihn (4b), 
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When the application example is implemented as explained above, the following effects can be 
achieved: 

( 1) In respective areas (B) of the mask ( lc)» a phase change of 180' is generated between the 
rays transmitted through the transparent film (4b) and channel (37), and the rays 
transmitted through the usual area of transmission (B). Since these rays are weakened in 
the boundary between the shaded area (A) and the transmission area (B), the modulation 
of the light intensity distribution on the wafer is greatly improved. In particular, it is 
possible to reduce considerably distortion at the border of the pattern image in the shaded 
area (A), projected on the wafer, and thus it is possible to greatly improve the resolution 
of the transfer of the pattern. 

(2) As was explained above under (1), there is no partial deterioration of the precision of the 
pattem transfer, even when the pattern created on the mask is a fine and complex pattern 
of integrated circuits, and thus it is possible to greatly improve the transfer precision of 
the overall pattem. 

(3) Since causing a phase shift in the transparent film (4b) and the channel (37) requires only 
a phase shift of the rays transmitted through one area of transmission (B), arrangement 
of the pattem is simple even if it is a complex pattern of integrated circuits. 

(4) As was explained above under (3), automatic formation of the pattem is possible on the 
basis of the pattem data from the transmission area (B), and on the basis of the pattem 
data from the shaded area (A), forming the pattem of integrated circuits of the channel 
(37) and the transparent film (4b). 

(5) As was explained above under (3) and (4), since it is possible to shorten the time 
required to manufacture the pattem data of the transparent film (4a), it is also possible to 
shorten the time required to manufacture the mask (la), created by causing the shift 
position of the transparent film (4a) and the channel (37). 

Application Example 4 

Figure II is a cross-sectional diagram showing the main part of the mask of still another 
application example of this invention; Rgure 12 is a surface view of the main part of the mask; 
Figure 13 (a) is a cross-sectional diagram showing the exposed state of the mask shown in 
Figures Hand 12; and Figures 13 (b) through (d) are explanatory diagrams explaining the 
amplitude and the intensity of the rays transmitted through the areas of transmission. 

First of all, Figure I land Figure 12 explains the mask (Id) of the application example 4 of this 
invention. 

The means that is used in the mask (Id) of the application example 4 of this invention to 
generate the position shift between the rays transmitted through the transmission area (B) and 
the rays transmitted through the channel (37) during the exposure, is to create the position shift 
channel (7 b) in the substrate of the lower part of the channel (37), instead of the transparent 
film (4b), used in the application example 3. 

The depth of the position shift channel (7) can be identical to the application example 2. In 
order to generate a phase change of 180* between the phase of the rays transmitted through the 
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transmission area (B) and the phase of ihe rays transmiUed tlirough the phase shift channel (7 
b) and ihc channel (37), during exposure of the mask (lb) with irradiating rays, the 
relationship d - X/[ (n - 1) 1 should be maintained. For example, when the wavelength X of 
lays irradiating during exposure is 0.365 (i-Iine), the thickness d of the phase shift channel 
(7 b) can be approximately 0.39 pm. 

In addition, a minute sub- transmission area (C) with a rectangular shape, measuring 0,5 x 0.5 
|im, is created in the application example 4, for instance in the four comers of the rectangular 
transmission area (B), as shown in Figure 12, Because of the miniaturization of the pattern of 
integrated circuits, the pattern line created in the four comers on the wafer after the exposure 
serves to prevent nonconformity of the pattern, so that the right angles of the original plan of 
the pattern of the integrated circuits, formed on the wafer, would not become in the end 
rounded. In other words, since the maximum intensity of light in the pattern of integrated 
circuits can easily drop, a large distortion can easily occur in the comers. By creating a sub- 
transmission area (C), the light intensity in the vicinity of the comers is increased, and the 
projected pattern image is corrected. 

Moreover, although it is not shown in the figure, when sub-transmission areas (C) are created 
for instance in the channel (37) of the mask (Ic), a position alignment mark, aligning the 
position of these areas with the metallic layer (3), is also created. 

Also, when manufacturing the mask (Id), etching of the metallic layer (3) is conducted with a 
beam of ions, and when the channel (37) is created, it is possible to increase the frequency of 
scanning with the beam of ions, and etching can be done only within the depth (d) of the 
substrate (2). 

The following is an explanation of the operation of the application example 4, based on the 
Figures 13 (a) through (d). 

As shown in Figure 13 (a), when transferring the original plan of a specific pattern of 
integrated circuits to a wafer with the reduction exposure method or a similar method, a phase 
change of 180* is generated between the rays transmitted through the transmission area (b), and 
the lays transmitted through the channel (37) and the phase shift channel (7 b) in each of the 
transmission areas (B) of the mask (Id), (see Figure 13) (b) and (c). 

Among the rays transmitted through one transmission area (B), rays transmitted through the 
channel (37) and through the phase shift channel (7 b), and the rays transmitted through the 
transmission area (B) are weakened in the boundary of the transmission area (A) and the 
shaded area (A), adjacent to the transmission area (B), 

Consequently, modulation of the light intensity distribution on the wafer is gready improved 
(sec Figure 13 (d)). In particular, it is possible to reduce considerably distortion at the border 
of flie pattern image m the shaded area (A), projected on the wafer, and since it is also possible 
to increase the intensity of light in the vicinity of the comers with the sub-transmission area 
(C), formed in the comers of the rectangular transmission area (B), the resolution of the 
transfer of the pattern image is greatly improved. 
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And since the light intensity is double the amplitude of the light, the wavefonn on the negative 
side of the amplitude of the light on the wafer will be reversed on the positive side as shown in 
Figure 13 (d). 

In addition, also in the application example 4, the mask (Id) requires only a phase shift of the 
rays transmitted through one area of transmission (B) to cause a phase shift in the rays. 
Arrangement of the pattern of the channel (37) is therefore simple, and automatic operations of 
the pattern data of the channel (37) are enabled by setting arrangement rules for the channel 
(37) in relation to the pattern of the rectangular area (B), forming the pattern of integrated 
circuits. 

When manufacturing the mask ( Id) in the application example 4, in addition to the cflects listed 
under items (1) through (4) of the application example (3), an additional effect is that the 
process of forming the transparent film (4b), causing the phase shift, as explained in 
application example 3, is not required. 

Also, during the patterning of the metallic layer (3) with a focusing beam of ions, it is also 
possible to form at the same time the phase shift channel (7b), which makes it possible to 
shorten the time required to manufacture the mask. 

It is further also possible to increase considerably the life span of the mask ( Id) since there is 
no deterioration after the formation of the transparent film (4b), as was the case in the mask 
(Ic) of application example 3, where it was caused by washing and similar processes. 

Needless to say, this invention is not limited to the application examples above, which served 
only to provide concrete application examples invented by the inventors of this invention, and 
various modifications of this invention are possible, provided that they do not deviate from the 
gist of this invention. 

For example, in the mask of the application example 1 of this invention it was explained that 
one part of the transmission area protruded from the edge of the metallic layer with the 
transparent film, causing the phase shift. The application example, however, is not limited to 
this solution, since for instance it is also possible to have an arrangement of the transparent film 
(4c) in the vicinity of the center of the transmission area (B), as shown on the mask (le) in 
Figure 14. 

Also in this case, as shown in Figure 16(a) through (d), a phase difference of 180* is generated 
between the rays transmitted through the usual area of transmission (B), and the rays 
transmiued through the transparent film (4a), in each of respective areas (B), of the mask ( 1 e), 
shown in Figure 16(a), (see Figures 16(b) and (c)). And since among the rays that were 
transnutted through one transmission area (B), rays transmitted through the usual transmission 
area (B) and rays transmitted through the transparent film (4c), will be weakened in the 
boundary between the shaded area (A) and the transmission area (B), modulation of the light 
intensity distribution on die wafer is gready improved (see Figure 16(d)). 

In this case, it is also possible to create the patterning of the transparent film (4c) for instance 
by reversing the negative value of the pattern data of the pattern of integrated circuits, and the 
pattern can be then created by reducing the pattern obtained from the shaded area. 
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Although in the mask of the application example 2 it was explained that the phase shift channel 
was arranged along the edges of the metallic layer (3), this invention is not limited only to this 
solution. For example, it is also possible to create the phase shift channel (7c) adjacent to the 
center of the transmission area (B), Also in this case, the same operation that is shown in 
Figures 16(b) through (c), will be obtained. 

It is also possible for instance to create a part with a simple arrangement of a pattern of 
integrated circuits that resembles a memory cell, so that a pair of transmission areas (B) and 
(B), between which is inserted a shaded area (A) of a mask (Ig), create a phase shift channel 
(7d) at least in one direction. 

As far as creating the shift in the phase of the rays, this mediod is identical to prior art methods 
of creating a transparent film on one side of a pair of transmission areas. However, since no 
transparent material is used, it is possible to greatly reduce the time required for manufacturing, 
and there is no deterioration that is usually caused by washing after the transparent material is 
formed, so that the overall effect is again a greatly increased life span of the mask. 

Although both in application examples 3 and 4 the explanation described a rectangular shape of 
transmission areas, the invention is not limited to this shape only, as it is possible to apply 
various shapes to it. 

Furthermore, although indium oxide was used in the explanation of the transparent fihn of the 
application examples 1 and 3, the invention is not limited only to this material, as it is also 
possible to use magnesium fluoride, polymethyl methacrylate, and similar materials. 

Although according to the explanation of the above described invention this invention is to be 
used for manufacturing of semiconductors, this is because it represents the background of the 
inventors of this invention. However, this does not limit its application, since there are also 
various other possibilities. It is possible to apply it also to technologies required to transfer 
complex and One patterns to a specific substrate by using the photolitography technique. 

The Effect of the Invention 

To expl2un in simple terms typical effects of the invention disclosed above, it has the following 
effects: 

Specifically, in accordance with the means of claim 1, 3, 6, and 7, mentioned above, during 
exposure, advantage is taken of rays transmitted through a transparent film of one area of 
transmission, of rays transmitted through a phase shift channel, and of rays transmitted 
through a part where this channel is not formed, so that the resolution of the transfer of a 
pattern on a mask is improved by weakening interference in the edges of the shaded area and in 
the boundary between the transmission area and the shaded area. 

In other words, since the resolution of transfer is improved by generating a phase shift in rays 
transmitted through individual areas of transmission, even if a complex pattern is formed on the 
mask, it is possible to form a transparent film or a phase shift channel that corresponds to this 
complexity. 

Therefore, it is possible to improve flie resolution of the transfer on the entire surface of the 
pattern, even if the pattern on the mask is a complex one. 
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Furthermore, arrangemenl of the transparent film, or of the phase shift channel, representing 
the means to cause the phase shift, is simple. 

Since in accordance with the claims 2 and 4 of this invention it is not particularly necessary to 
create the pattern data of the transparent film or of the phase shift channel, a considerable 
reduction of the time that is required to manufacture the transparent film, causing the phase 
shift, and the mask, provided with the phase shift channel, is possible. 

Since in accordance with the claim 5 of this invention, the phase shift channel is formed in a 
short period of time, it is also possible to manufacture the mask with the formed phase shift 
channel in a short period of time. 

Since in accordance with the claim 8 of this invention it is possible to create a phase difference 
of 180* between the rays transmitted through the usual area of transmission, and the rays 
transmitted through the phase shift channel, it is possible to weaken the interference between 
these rays. 

4. BRIEF EXPLANATION OF FIGURES 

Figure 1 is a cross-sectional view of the main part of the mask of one application example of 
this invention; 

Figure 2 (a) through (c) are cross-sectional views of the main part of the mask, showing the 
process of manufacturing of the mask; 

Figure 3 (a) is a cross-sectional view showing the exposed state of the mask of Figure 1; 

Figures 3 (a) through (c) are explanatory diagrams showing the amplitude and intensity of the 
rays transmitted through the areas of transmission of this mask; 

Figure 4 is a cross-sectional view of the mask of another application example of this invention; 

Figures 5 (a) and (b) area cross-sectional views of the main part of the mask, showing the 
process of manufacturing of this mask; 

Figure 6 is a block diagram of the focusing ion beam device used when manufacturing this 
mask; 

Figures 7 (a) through (d) are explanatory diagrams, showing the amplitude and the intensity of 
the rays transmitted through the transmission areas of this mask; 

Figure 8 is a cross-sectional view of another application example of this invention; 

Figure 9 is a surface view of the main part of this mask; 

Figures 10 (b) through (d) are explanatory diagrams showing the amplitude and intensity of the 
rays transmitted through the areas of transmission of this mask; 

Figure 1 1 is a cross-sectional view showing the main part of the mask of another application 
example of this invention; 

Figure 12 is a surface view of the main part of this mask; 

Figure 13 (a) is across-sectional view of the mask shown in Figure 1 1 and Figure 12; 
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Figures 13 (b) through (d) are explanatory diagrams showing die amplitude and intensity of the 
rays transmitted through the areas of transmission of the mask; 

Figure 14 is a cross-sectional view of the main part of the mask of still another application 
example of this invention; 

Figure 15 is a cross-sectional view of the main part of the mask of still another application 
example of tfus invention; 

Figure 16 (a) is a cross-sectional view of the exposed state of the mask shown in Figure 14; 

Figures 16 (b) through (d) are explanatoiy diagrams showing (he amplitude and intrasity of (he 
rays transmitted through (he area of transmission of mask shown in figure 14; 

Figure 17 is a cross-sectional \iew of the main part of the mask of still another application 
example of tMs invention; 

Figure 18 (a) is a cross-sectional view showing the exposed state of the mask according to 
prior art methods; 

Figures 18 (b) through (d) are explanatory diagrams showing the amplitude and intensity of the 
rays transmitted through the area of transmission of mask according to prior art methods; 

Figure 19 (a) is a cross-sectional view showing the exposed state of the mask according to 
prior art methods; 

Figure 19 (b) through (d) are explanatory diagrams showing the amplitude and intensity of the 
rays transmitted through the area of transmission of a mask according to prior art methods; 

and Figure 20 is a surface view of the main part of a mask according to prior art methods. 

The coding in the figures refer to: 

Number ( 1 a) through (1 f) is a maslq (2 1 ) is an electron shower emitter, 

(2) is a mask substrate, (22) is a vacuum pump; 

(3) is a metallic layer, (23) through (27) are controlling parts; 
(4a) through (4c) is a transparent film; (28) through (32) are interface parts; 
(5a) and (5b) is a photoresist; (33) is a controllmg computer; 

(6) is an antistatic layer; (34) is a terminal; 

(7a) through (7d) are phase shift channels; (35) is a magnetic disk; 

(8) is a focusing ion beam device; (36) is an MT [magnetic tape) deck; 

(9) is a ion source; (37) is a channel; 

(10) is a drawing electrode; (A) is a shaded area; 

( 1 la) and ( 1 lb) are furst and second lens electrodes; (B) is a transmission area; 

(12a) through (1 2c) are first - third aperture electrodes; (C) is sub-transmission area; 

(1 3) is a blanking electrode; (E) is a an electron beam; 

(14) is a deflecting electrode; (50) and (51) are masks according to pnor art; 

(1 5) is a retainei; (52) is a tran^arent film; 

(16) is a matenal platform; (53) is a pattern of integrated circuits; 

(17) is a laser mirror; (P) through P3 are transmission areas of a zone according to 

( 1 8) is a laser interference length measuring device; prior art; and 

(19) is a motor driving the material platform; (N) through (N3) are shaded areas according to prior art 

(20) is a detector of secondary ions and secondary electrons; 

Patent Attorney: Yamato Tsutsui 
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(la) = mask 

(4a) = transparent film 



A = shaded area 

B = transmission area 
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Figure 13 
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Figure 18 
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